Abstract: This study examined teacher questioning practices over a sequence of consecutive lessons in China. Based on the IRF (initiation-response-follow-up) framework, a comprehensive coding system was developed to analyze what kinds of verbal questions were initiated by the teachers to elicit mathematical information and in what ways the teachers made use of students' verbal contributions. This study finds that all participating teachers' questioning practices showed both variations and consistencies over the lesson sequence. It is argued that the act of asking questions in classroom interaction not only includes the teachers' conscious planning so as to accomplish pedagogical goals, but also involves the teachers' unconscious routine in how to build up on students' thinking.
Introduction
The ultimate goal of school education is to support and develop the sustainability of students' thinking and understanding. In the classroom, teacher questioning practices help to build an environment for students' sustainable learning and development. However, teachers' effective and efficient employment of questioning strategies in classrooms has been one of the most challenging techniques. Some researchers (e.g., Reference [1] ) argued that expert teachers' questioning practices vary a lot to suit particular contexts and teaching purposes. In other words, effective questioning strategies do not represent a fixed set of techniques, but flexible adaptation, adjustment, and alteration of various questioning strategies according to actual teaching situations. However, very few empirical studies examined the ways in which teachers might vary their practices of asking questions according to different situations (e.g., in different lessons with different learning contents), which hindered our understanding of the instructional flexibility in classroom questioning. To find out how teachers might change their questioning practices in different lessons, this study conducted a detailed analysis of two mathematics teachers' employment of questioning strategies over a unit of consecutive lessons. 
Literature Review

The Early Debate on Effective Question Types
Many attempts have been made to identify the effective question types that could improve student achievement. These attempts lead to the development of classification systems of teacher questions. One of the most influential criteria used to classify teacher questions was the adaptation of Bloom's taxonomy for question types: classifying teacher questions according to the level of cognitive process needed to achieve the answers [2] . In addition, the premise that certain types of question work better than others in classrooms sparks the debate regarding the superiority of higher-cognitive questions over lower-cognitive questions to influence student achievement (e.g., References [3, 4] ). Many researchers argued higher-cognitive questions contributed to students' high-order thinking and deep understanding. However, a great many studies reported that teachers asked predominantly lower-cognitive questions rather than higher-cognitive questions in classroom interaction [5] . It seems to be puzzling that many teachers do not prefer to ask questions that could promote students' better understanding.
One of the possible explanations might be that teachers' selection of question types is influenced by many other factors. For example, Gall pointed out that the effectiveness of teacher questions depends significantly on the student capabilities: lower-cognitive questions were more effective for students with low-level capabilities, whereas the students with average-or high-level capabilities could learn better from higher-cognitive questions [5] .
In addition, the conceptions of questioning practices' effectiveness also go beyond preparing a list of effective question types. Wilen and Clegg concluded that effective questioning practices do not mean simply selecting certain types of questions, but rather involve the ways of posing questions and responding to student answers [6] . In other words, effective questioning is a dynamic process involving flexible strategies of asking questions and dealing with students' responses.
Sequences of Questions
Recent studies argued that no teacher question types should be glorified in classroom teaching because any question had a place in enhancing students' learning by interaction [7] . Some researchers claimed that more attention ought to be given to the sequence of discourse in which the teachers pose questions in classroom instruction [8, 9] . Fine-grained analysis of the guiding process resulted in the identification of two different patterns of questioning: funneling and focusing [10] [11] [12] . In the funneling pattern, the teacher typically raises a sequence of questions as guidance towards the correct answers and students merely need to give the answers to each question without necessarily understanding the connections among the questions [10, 12] . In contrast, the focusing pattern allows students to articulate their own mathematical thinking and to reflect on the meaning of teacher-student dialogues [11] .
A prevalent structure in classroom discourse is referred to as the IRF sequence (teacher initiation-student response-teacher feedback; Sinclair and Coulthard [13] ) or IRE, where E stands for evaluation [14] , or "triadic dialogue" [15] . This triadic structure has been well-documented in the previous studies [16, 17] . The initiation is typically enacted by the teacher questioning, followed by students' reply and subsequently the teacher's feedback or follow-up [18] . In recent years, the third move in IRF has attracted increasing attention from educational researchers in their attempts to investigate the value of IRF for teaching and learning. Some researchers [19, 20] also pointed out that IRF proved to be productive in fostering collaborative work, during which the follow-up move plays a significant role.
Factors Influencing Teacher Questioning Practices
Recent research added evidence regarding the sophisticated nature of effective questioning by highlighting the changes of teacher questions in different contexts. Some researchers argued that teacher questioning practice is directly reflective of instructional goals. Hiebert and Wearne pointed out the connections between instructional goals and teacher questions in mathematics classrooms, claiming that teachers raised questions with the intention to direct students' attention to interpret and solve mathematics problems in the expected ways according to the instructional goals [21] . Meanwhile, Nathan and Kim also highlighted the effects of teachers' curricular goals on classroom interactions [22] . They examined information flow and scaffolding in mathematics classrooms and demonstrated that classroom questioning practices could be shaped by teachers' interpretation of curricular goals. Shi argued that in mainland China the analysis of teacher questioning practices could be used as a framework to interpret the teachers' pedagogical goals in classroom instruction [23] . By examining five aspects of classrooms, namely, teachers' questions, student responses, teachers' responses to student answers, student activities, and teachers' balancing on student answering and student discussion, Shi found that teachers adjusted the cognitive requirements of classroom questions so as to ensure the completion of lesson goals [23] .
In addition, Nathan and Kim reported that teacher questions in mathematics classrooms are highly responsive to the perceived state and current needs of students [21] . In the case of inaccurate or incomplete student responses, the teacher tended to reduce the level of cognitive complexity of a subsequent question, whereas teacher subsequent questions became more complex when students' responses were mathematically accurate.
Coding Teacher Questioning Practices
Some coding systems were developed in order to describe the complexity of teacher questioning in mathematics classrooms (e.g., References [21, 23, 24] ). Instead of looking at the cognitive level of questions as is used by the earlier researchers, these coding systems focused on the teacher's intentions when asking questions. For example, Hiebert and Wearne grouped teacher questions into four broad categories, namely requesting recitation of previously taught facts or procedures, asking students to describe invented solution strategies, requesting students to generate problems, and asking students to explain why things work the way they do [21] . Similarly, in Boaler and Brodie's classification system [24] , all the categories were named with verbs to describe teacher intentions when asking questions: (1) gathering information, leading students through a method; (2) inserting terminology; (3) exploring mathematical meanings and/or relationships; (4) probing, getting students to explain their thinking; (5) generating discussion; (6) linking and applying; (7) extending thinking; (8) orienting and focusing; and (9) establishing context.
When coding teacher questions, a distinction between initiation questions and follow-up questions is highlighted. As opposed to initiation questions which signal the opening of the teacher-student conversation, follow-up questions refer to those teacher questions asked in response to a student utterance, such as a student's answer or response to teacher questions posed earlier [25] . The investigation of follow-up questions is significant because teachers were reported to experience more challenges when properly following up students' responses than posing proper initiation questions [8] .
The New Lens: A Unit of Consecutive Lessons
In recent years, researchers highlighted the necessity of examining mathematics teachers' practices over a unit of consecutive lessons rather than a single lesson (see, for example, References [24, 26, 27] ). In particular, Koizumi pointed out teachers might prepare each lesson as one part of a sequence of lessons which could be regarded as a unit and thus different lesson within one unit usually had different instructional goals and structures which would influence classroom questioning practices [28] . However, much previous research has focused on single lessons, leading to an inability to comprehensively consider the lesson context as a factor in understanding teacher questioning. In one of the few studies investigating teacher questioning in consecutive lessons, Koizumi focused on teacher questioning strategies in introductory stages in mathematics lesson sequences in Japan and Germany, concluding that the context of consecutive lessons enables the better observation of cultural specificity in teacher questioning practices [28] .
Purpose of this Study
Despite the fruitful findings mentioned above, there is still a lack of comprehensive understanding of teacher questioning in mathematics classrooms. Especially, the instructional flexibility in teacher questioning practices is rarely investigated. Very little is known about the ways in which teachers flexibly vary their questioning practices in response to instructional contexts. Very few studies have been conducted to investigate how teachers change their ways of asking follow-up questions to probe or facilitate students' learning.
However, the previous studies demonstrated that a sequence of consecutive lessons could show more variation in teachers' teaching practices and also offer greater insight into the teachers' purposeful deployment of particular question types, reflective of their changing instructional purposes over the course of a lesson sequence. In other words, only in the sequence of consecutive lessons can we do justice to the situated nature of teacher questioning and give appropriate recognition to the strategic adjustment that teachers make in their questioning practices in response to changing classroom conditions. This current study has been designed to investigate the flexibility in teacher questioning practices through the new lens: a unit of consecutive lessons. It aims to address the following research questions: (1) In each participating teacher's classroom, what variations in teacher questioning practices were evident across a sequence of consecutive lessons? (2) In each participating teacher's classroom, what consistencies in teacher questioning practices were evident across a sequence of consecutive lessons?
Methodology
This study aims to reveal detailed and in-depth features of teacher questioning practices in mathematics classrooms. Such a detailed investigation required the employment of a case study approach [29] . Each case concerns a single mathematics teacher and their class.
Participants
Two mathematics teachers from China participated in this study. One of them is from Beijing in the northern region of China, while the other one is from the Jiangsu Province, the southern part of China. Both participating teachers were considered competent by local standards, and were both experienced in teaching the respective grade levels being studied. The information about the participants is shown in the Table 1 . 
Data Collection
For each teacher, one unit of consecutive lessons was videotaped through three cameras, separately focusing on the teacher, the whole class, and a group of focus students. The three-camera video recordings increased the possibility of continuously documenting all teacher-student interaction in classrooms, contributing to a better observation of teacher questioning practices in the classrooms. The details of the video-recorded lessons for each participating teacher are listed in the Table 2 . Three types of occasions when the teacher interacted with students by using questions were identified first. Where the student/s replied to teacher questions and the teacher did not respond, these interactions were categorized as question-answer (Q&A) pairs. There are two types of IRF (teacher initiation-student response-teacher follow up) sequences: (1) IRF (single) in which the teacher asks a question and then gives closed follow-up moves (such as evaluation) to students so as to accomplish the current discussion, and (2) IRF (multiple) in which the teacher asks a question and then gives open follow-up moves such as clarification or elaborations that require a further student response. The second type could potentially extend the discussion and the associated IRF sequence.
When analyzing teacher questions, a distinction was made between initiation questions and follow-up questions. Initiation questions are those questions asked by teachers for the purpose of starting a conversation or discussion. In contrast, follow-up questions are those questions asked for the purposes of responding to a student utterance, such as a student's answer or response to the teacher's previous question. In some cases, students stayed silent for 2 seconds or longer after the teacher posed a question and afterwards the teacher gave some clues by asking further questions. The latter questions are also categorized as follow-up questions, because a silent period of 2 seconds or longer could be recognized as a special type of student responses. In such cases, student responses will be shown as " [silent] " in the transcriptions.
In this study, the Q&A pair and IRF (single) sequence contain teacher initiation questions only and the IRF sequence includes the teacher initiation question, student response, and teacher follow-up question, as is shown in the Figure 1 . Three types of occasions when the teacher interacted with students by using questions were identified first. Where the student/s replied to teacher questions and the teacher did not respond, these interactions were categorized as question-answer (Q&A) pairs. There are two types of IRF (teacher initiation-student response-teacher follow up) sequences: (1) IRF (single) in which the teacher asks a question and then gives closed follow-up moves (such as evaluation) to students so as to accomplish the current discussion, and (2) IRF (multiple) in which the teacher asks a question and then gives open follow-up moves such as clarification or elaborations that require a further student response. The second type could potentially extend the discussion and the associated IRF sequence.
Lesson Topics
In this study, the Q&A pair and IRF (single) sequence contain teacher initiation questions only and the IRF sequence includes the teacher initiation question, student response, and teacher followup question, as is shown in the Figure 1 . 
Coding Systems
A coding system was developed to categorize the initiation questions and follow-up questions. Instead of inventing the name of each possible category in advance, those questions documented in our data were analyzed first and then attempts were made to provide names to describe these different kinds of questions. The naming of some question categories in this study was also informed by the research of Boaler and Brodie [24] and Hiebert and Wearne [21] , whose classification schemes included question categories closely aligned with some of the question types identified in this study. The categories developed in the above to studies were introduced in the section of literature review.
However, because the coding systems developed by these researchers did not explicitly distinguish the initiation questions from the follow-up questions, new coding systems were developed in this study. For example, the category of Information extraction (see Table 3 ) was mentioned by Boaler and Brodie [24] who used the category of Gathering information, though in this study Information extraction questions only cover questions asked in the initiation stage of teacher-student interaction. In other words, the Gathering information questions by the definition of Boaler and Brodie [24] might be asked in both the initiation and follow-up stages of teacher-student interaction, whereas in the current study, the category Information extraction question only referred to the questions asked in the initiation stage. Those Gathering information questions asked in the follow-up stage would be coded with follow-up question categories depending on the actual purpose of the follow-up questions. The coding systems are presented in Table 3 , in which each question category is associated with a three-letter code, accompanied by a description. Each three-letter code is used in the following sections.
Interrater Reliability
One lesson was selected separately from teacher CHN1's class and CHN2's class for a reliability check, in which three coders (one of whom was the first author) in the field of education research independently coded the questions in the transcripts of the selected lessons. Due to the ethical requirement restricting video access to the researcher, the classroom videos could not be watched by any coders other than the first author. However, coding of teacher questioning could be conducted using the lesson transcripts and also all teaching and learning materials including lesson plans, PowerPoint slides, and copies of student worksheets were available to both coders. Also, teacher questionnaires and classroom observation tables were also given to both coders so as to allow each coder the best possible basis on which to make sense of the instructional settings.
An agreement of 80% was achieved between the three coders' coding results. Any inconsistent coding results were discussed, and a consensus coding result was determined by all the coders and the authors of this paper. Where coding differences arose from differences in the interpretations of the coding scheme, rather than differences in the interpretation of the data, these differences were resolved by refining the categories' descriptions to achieve consensus as to the meaning of the code/category. Afterwards, the first author coded all the remaining lessons with the revised coding systems. The questions identified within the lesson transcripts were not coded in isolation, disconnected from the interactions of which they were a part. They were instead all coded within the classroom transcripts, where the teacher and students engaged in questioning and answering practices, such that the social context of each exchange could be taken into account, together with actions that immediately preceded or followed the coded exchange. The classroom videos were revisited and checked whenever there was ambiguity. Tracking (Tra.) Understanding check: Initiation questions used to check whether students understand the teacher's or students' statements. Progress monitoring: Initiation questions requiring students to monitor and regulate the process of reasoning and problem solving.
Information processing (Inf.) Information extraction: Initiation questions requiring students to identify and select information from text descriptions, graphs, etc. Generation: Initiation questions asking students to generate a problem/scenario to satisfy given requirements.
Review (Rev.) Initiation questions used to elicit the previously learnt knowledge.
Follow-up Questions
Inviting comments (Inv.) Agreement request: Follow-up questions that are used to elicit students' agreement on comments given by some students. Supplement: Follow-up questions used to request for a larger variety of opinions or comments.
Probing (Pro.)
Clarification: Follow-up questions requiring students to show more details about their answers, solutions, or comments. Justification: Follow-up questions requiring students to justify their answers, where the answers are responses to the teacher's initiation question or follow-up question in the last turn. Elaboration: Follow-up questions used to guide students towards a more comprehensive response by building on students' existing responses.
Redirecting (Dir.)
Cueing: Follow-up questions used to redirect students to focus on key elements or aspects of the problem situation so as to enable students' problem-solving. Refocusing: Follow-up questions used to redirect students to refocus on the essential points of the problem under discussion, especially when students' thinking is off the right track.
Extension (Ext.) Follow-up questions used to extend the topics under discussion to other topics.
Reformulation request (Rer.) Follow-up questions requiring one student to reformulate his or her answer.
Repeat (Rep.) Follow-up questions where the teacher repeats or rephrases the question asked in the last turn. 
Findings
The Variations in the Number of Teacher Questions
The number of questions asked by both teachers varied substantially from one lesson to another across the lesson sequence. Figure 2a ,b show the total number of teacher questions in one lesson and the average number of teacher questions in each minute in the classes of the teacher CHN1 and CHN2. Both numbers experienced an overall falling trend across the lesson sequence taught by the teacher CHN1. Over the lesson sequence, she tended to ask fewer questions in the later lessons than in the earlier ones. 
The Consistencies in the Distribution of Questions
For each participating teacher, the questions asked to initiate the IRF (multiple) sequences consistently took up a regular proportion of the total number of questions in a lesson. This means both participating teachers used questions to start the IRF (multiple) sequences in a consistent way across the unit of consecutive lessons.
Besides, each IRF (multiple) sequence on average includes one initiation question and two follow-up questions on average for each participating teacher. This means both participating teachers tended to maintain the length of IRF (multiple) sequences in different lessons. For the teacher CHN2, the total number of teacher questions in one lesson and the average number of teacher questions in each minute both remained stable in the first six lessons, except lesson 3 where there was an obvious drop. The last four lessons saw a significant increase in the number of teacher questions. Compared with the teacher CHN1, teacher CHN2 preferred to ask more questions in the second half of the teaching unit than the first half.
Besides, each IRF (multiple) sequence on average includes one initiation question and two follow-up questions on average for each participating teacher. This means both participating teachers tended to maintain the length of IRF (multiple) sequences in different lessons. This illustrated that the proportion occupied by the initiation questions in the IRF (multiple) sequences, in relation to the total number of the questions in one lesson, stayed stable at 20% across all the lessons, regardless of how many questions were recorded in the lesson. A typical IRF (multiple) sequence recorded in this study included an initiation question followed by a couple of follow-up questions. Figure 3b presents the average number of follow-up questions asked in each IRF (multiple) sequence. Across the lesson sequence, the average number of follow-up questions recorded in each IRF (multiple) sequence stayed relatively stable at around 2. In other words, in the IRF (multiple) sequence, teacher CHN1 tended to ask two follow-up questions after every initiation question. An episode was selected to show how the teacher asked two follow-up questions after an initiation question. In this episode, the teacher led the whole class to recall the cases of problems in solving right triangles. After the teacher had initiated the first question, the whole class seemed to be a bit reluctant to respond. Therefore, the teacher repeated the question and the choral response was elicited but the responses were not complete. Then the teacher requested for a supplement from the whole class whose responses achieved the teacher's eventual expectations. This illustrated that the proportion occupied by the initiation questions in the IRF (multiple) sequences, in relation to the total number of the questions in one lesson, stayed stable at 20% across all the lessons, regardless of how many questions were recorded in the lesson. A typical IRF (multiple) sequence recorded in this study included an initiation question followed by a couple of follow-up questions. Figure 3b presents the average number of follow-up questions asked in each IRF (multiple) sequence. Across the lesson sequence, the average number of follow-up questions recorded in each IRF (multiple) sequence stayed relatively stable at around 2. In other words, in the IRF (multiple) sequence, teacher CHN1 tended to ask two follow-up questions after every initiation question. An episode was selected to show how the teacher asked two follow-up questions after an initiation question. This illustrated that the proportion occupied by the initiation questions in the IRF (multiple) sequences, in relation to the total number of the questions in one lesson, stayed stable at 20% across all the lessons, regardless of how many questions were recorded in the lesson. A typical IRF (multiple) sequence recorded in this study included an initiation question followed by a couple of follow-up questions. Figure 3b presents the average number of follow-up questions asked in each IRF (multiple) sequence. Across the lesson sequence, the average number of follow-up questions recorded in each IRF (multiple) sequence stayed relatively stable at around 2. In other words, in the IRF (multiple) sequence, teacher CHN1 tended to ask two follow-up questions after every initiation question. An episode was selected to show how the teacher asked two follow-up questions after an initiation question. In this episode, the teacher led the whole class to recall the cases of problems in solving right triangles. After the teacher had initiated the first question, the whole class seemed to be a bit reluctant to respond. Therefore, the teacher repeated the question and the choral response was elicited but the responses were not complete. Then the teacher requested for a supplement from the whole class whose responses achieved the teacher's eventual expectations. This illustrated that the proportion occupied by the initiation questions in the IRF (multiple) sequences, in relation to the total number of the questions in one lesson, stayed stable at 20% across all the lessons, regardless of how many questions were recorded in the lesson. A typical IRF (multiple) sequence recorded in this study included an initiation question followed by a couple of follow-up questions. Figure 3b presents the average number of follow-up questions asked in each IRF (multiple) sequence. Across the lesson sequence, the average number of follow-up questions recorded in each IRF (multiple) sequence stayed relatively stable at around 2. In other words, in the IRF (multiple) sequence, teacher CHN1 tended to ask two follow-up questions after every initiation question. An episode was selected to show how the teacher asked two follow-up questions after an initiation question. In this episode, the teacher led the whole class to recall the cases of problems in solving right triangles. After the teacher had initiated the first question, the whole class seemed to be a bit reluctant to respond. Therefore, the teacher repeated the question and the choral response was elicited but the responses were not complete. Then the teacher requested for a supplement from the whole class whose responses achieved the teacher's eventual expectations. This illustrated that the proportion occupied by the initiation questions in the IRF (multiple) sequences, in relation to the total number of the questions in one lesson, stayed stable at 20% across all the lessons, regardless of how many questions were recorded in the lesson. A typical IRF (multiple) sequence recorded in this study included an initiation question followed by a couple of follow-up questions. Figure 3b presents the average number of follow-up questions asked in each IRF (multiple) sequence. Across the lesson sequence, the average number of follow-up questions recorded in each IRF (multiple) sequence stayed relatively stable at around 2. In other words, in the IRF (multiple) sequence, teacher CHN1 tended to ask two follow-up questions after every initiation question. An episode was selected to show how the teacher asked two follow-up questions after an initiation question. In this episode, the teacher led the whole class to recall the cases of problems in solving right triangles. After the teacher had initiated the first question, the whole class seemed to be a bit reluctant to respond. Therefore, the teacher repeated the question and the choral response was elicited but the responses were not complete. Then the teacher requested for a supplement from the whole class whose responses achieved the teacher's eventual expectations.
Ss: Given one side length and one angle size. T:
Given one side length and one angle size.
In this episode, the teacher led the whole class to recall the cases of problems in solving right triangles. After the teacher had initiated the first question, the whole class seemed to be a bit reluctant to respond. Therefore, the teacher repeated the question and the choral response was elicited but the responses were not complete. Then the teacher requested for a supplement from the whole class whose responses achieved the teacher's eventual expectations.
The Case of Teacher CHN2
In Figure 4a , it can be seen that that the proportion occupied by the initiation questions in the IRF (multiple) sequences, in relation to the total number of the questions in one lesson, stayed stable at around 20% across all the lessons. In Figure 4a , it can be seen that that the proportion occupied by the initiation questions in the IRF (multiple) sequences, in relation to the total number of the questions in one lesson, stayed stable at around 20% across all the lessons.
In addition, for all the lessons except lesson 3, teacher CHN2 asked about two follow-up questions on average in each IRF (multiple) sequence (as is shown in Figure 4b ). In lesson 3, an average of 3.4 questions was recorded in each IRF (multiple) sequence. Given that the fewest questions were observed in lesson 3 (as is shown in Figure 2 ), it can be inferred that the teacher CHN2 might ask fewer questions in lesson 3 but engaged students in longer IRF (multiple) sequences. 
A Mixture of Variations and Consistencies in the Functions of Teacher Questions
In each participating teacher's class, the question types recorded in the Q&A question pairs and the IRF (single) sequences changed from one lesson to another and a similar change was identified regarding the questions types in the initiation questions of the IRF (multiple) sequences. In contrast, the question types documented in the follow-up questions of the IRF (multiple) sequences were relatively consistent across the lesson sequence.
The Case of Teacher CHN1
In Figure 5 , the left graph shows the coding of questions asked in the Q&A question pairs and the IRF (single) sequences, with the middle and the right graphs separately for the coding of initiation questions in the IRF (multiple) sequences, and the coding of follow-up questions in the IRF (multiple) sequences. Please refer to Table 3 for the explanation of three-letter codes in the graphs. In addition, for all the lessons except lesson 3, teacher CHN2 asked about two follow-up questions on average in each IRF (multiple) sequence (as is shown in Figure 4b ). In lesson 3, an average of 3.4 questions was recorded in each IRF (multiple) sequence. Given that the fewest questions were observed in lesson 3 (as is shown in Figure 2 ), it can be inferred that the teacher CHN2 might ask fewer questions in lesson 3 but engaged students in longer IRF (multiple) sequences.
A Mixture of Variations and Consistencies in the Functions of Teacher Questions
The Case of Teacher CHN1
In Figure 5 , the left graph shows the coding of questions asked in the Q&A question pairs and the IRF (single) sequences, with the middle and the right graphs separately for the coding of initiation questions in the IRF (multiple) sequences, and the coding of follow-up questions in the IRF (multiple) sequences. Please refer to Table 3 for the explanation of three-letter codes in the graphs. Sustainability 2018, 10, x FOR PEER REVIEW 11 of 18 As is shown in Figure 5 , the employment of initiation questions varied greatly in the constitution of subcategories and these categories' proportions across the consecutive lessons. For example, in lessons 1, 2, and 6, the Review questions were observed to take up significant proportions (about 25%) of all the teacher questions in Q&A question pairs and IRF (single) sequences (shown in the left graph of Figure 8 ), but in the lessons 4 and 5 this question type was not observed at all in Q&A question pairs and IRF (single) sequences. Similarly, as is shown in the middle graph of Figure 5 , the Build-up questions occupied more than 30% of all the initiation questions in IRF (multiple) sequences in lesson 4, while this question type was not observed in IRF (multiple) sequences in lesson 1.
By contrast, the employment of the follow-up question types was relatively consistent across the consecutive lessons, regardless of where the lesson is located in the teaching sequence. In all lessons taught by the teacher CHN1, the follow-up questions consisted of mainly Probing questions and Inviting comments questions. In other words, during extended questioning exchanges in the IRF (multiple) sequences, the participating teachers tended to ask a particular group of follow-up question types to build on students' responses. Although each teacher employed some question types more frequently than others, the whole sequence of consecutive lessons shared these frequently used questions in common. This might suggest that each teacher might employ follow-up questions habitually with certain strategies, less dependent on where the lessons are located in the teaching sequence. An episode is provided in the following paragraphs to demonstrate the regular use of some particular follow-up questions types.
In Episode 2, the teacher was leading the whole class to analyze how to solve the second part of the task (as is shown in Figure 6 ), namely to find the tangent of angle EDC, which was not in any right triangle in the given diagram. Before this example, the ideas of constructing and converting had been introduced as two main directions for solving similar questions involving non-right (or oblique) triangles. Based on these two ideas, here the teacher asked the students to think about the possible strategies. She did not select any individual student or ask volunteers to answer the questions, but posed the questions to the whole class and elicited the choral responses. In the follow-up phase of the conversation, the teacher consistently employed two types of questions, namely Probing and Inviting comments questions. As is shown in Figure 5 , the employment of initiation questions varied greatly in the constitution of subcategories and these categories' proportions across the consecutive lessons. For example, in lessons 1, 2, and 6, the Review questions were observed to take up significant proportions (about 25%) of all the teacher questions in Q&A question pairs and IRF (single) sequences (shown in the left graph of Figure 8 ), but in the lessons 4 and 5 this question type was not observed at all in Q&A question pairs and IRF (single) sequences. Similarly, as is shown in the middle graph of Figure 5 , the Build-up questions occupied more than 30% of all the initiation questions in IRF (multiple) sequences in lesson 4, while this question type was not observed in IRF (multiple) sequences in lesson 1.
In Episode 2, the teacher was leading the whole class to analyze how to solve the second part of the task (as is shown in Figure 6 ), namely to find the tangent of angle EDC, which was not in any right triangle in the given diagram. Before this example, the ideas of constructing and converting had been introduced as two main directions for solving similar questions involving non-right (or oblique) triangles. Based on these two ideas, here the teacher asked the students to think about the possible strategies. She did not select any individual student or ask volunteers to answer the questions, but posed the questions to the whole class and elicited the choral responses. In the follow-up phase of the conversation, the teacher consistently employed two types of questions, namely Probing and Inviting comments questions. The median on the hypotenuse of a right triangle equals one-half the hypotenuse. T: Good. The median on the hypotenuse of a right triangle equals one-half the hypotenuse. In this way, we can find it [tan∠DEC] by converting it to tanC.
The Case of Teacher CHN2
As is shown in Figure 7 , the employment of initiation questions varied greatly in the constitution of subcategories and these categories' proportions across the consecutive lessons. For example, in lesson 5, the Result questions were observed to take up significant proportions (about 30%) of all the teacher questions in Q&A question pairs and IRF (single) sequences (shown in the left graph of Figure  7 ), but in lessons 4 and 6 this question type was not observed at all in Q&A question pairs and IRF (single) sequences. Similarly, as is shown in the middle graph of Figure 7 , the Reflection questions occupied more than 20% of all the initiation questions in IRF (multiple) sequences in lessons 4 and 5, while this question type was not observed in IRF (multiple) sequences in lesson 1. The median on the hypotenuse of a right triangle equals one-half the hypotenuse. T: Good. The median on the hypotenuse of a right triangle equals one-half the hypotenuse. In this way, we can find it [tan∠DEC] by converting it to tanC.
As is shown in Figure 7 , the employment of initiation questions varied greatly in the constitution of subcategories and these categories' proportions across the consecutive lessons. For example, in lesson 5, the Result questions were observed to take up significant proportions (about 30%) of all the teacher questions in Q&A question pairs and IRF (single) sequences (shown in the left graph of Figure  7 ), but in lessons 4 and 6 this question type was not observed at all in Q&A question pairs and IRF (single) sequences. Similarly, as is shown in the middle graph of Figure 7 , the Reflection questions occupied more than 20% of all the initiation questions in IRF (multiple) sequences in lessons 4 and 5, while this question type was not observed in IRF (multiple) sequences in lesson 1.
Ss: Constructing. T:
Constructing. If you like the constructing way, will you have to construct a perpendicular line? The median on the hypotenuse of a right triangle equals one-half the hypotenuse. T: Good. The median on the hypotenuse of a right triangle equals one-half the hypotenuse. In this way, we can find it [tan∠DEC] by converting it to tanC.
The Case of Teacher CHN2
As is shown in Figure 7 , the employment of initiation questions varied greatly in the constitution of subcategories and these categories' proportions across the consecutive lessons. For example, in lesson 5, the Result questions were observed to take up significant proportions (about 30%) of all the teacher questions in Q&A question pairs and IRF (single) sequences (shown in the left graph of Figure  7 ), but in lessons 4 and 6 this question type was not observed at all in Q&A question pairs and IRF (single) sequences. Similarly, as is shown in the middle graph of Figure 7 , the Reflection questions occupied more than 20% of all the initiation questions in IRF (multiple) sequences in lessons 4 and 5, while this question type was not observed in IRF (multiple) sequences in lesson 1. In summary, the initiation questions asked in the IRF (multiple) sequences were reporte up a regular proportion of the total number of questions in each lesson of the whole unit. He found that the breakdown of the initiation questions in IRF (multiple) sequences demo various characteristics across the whole unit. In other words, the teachers tended to use a proportion of all the questions in each lesson as initiation questions to start IRF (multiple) se but the purposes of starting IRF (multiple) sequences were different, which might reflect the stable and flexible strategies in using IRF (multiple) sequences.
Discussion
Adjustment of Teacher Questioning in the Sequence of Consecutive Lessons
This study contributes in demonstrating and exemplifying how the teachers adjus regulated their questioning strategies in different lessons of a teaching unit. It was show previous studies (e.g., Reference [21] ) that one teacher tended to change the ways of asking q in a lesson in order to scaffold different students' needs. This study reports that one teac changed the ways of asking questions in different lessons. The two participating teachers bo a substantially different number of questions in different lessons. In addition, the question ty in the initiation stages of IRF sequences also changed from one lesson to another over th sequence.
In the unit of consecutive lessons, the pedagogical goal of one lesson is related to but from another lesson. In order to fulfill the changing pedagogical goals, the teach approximately plan how many questions he or she can ask and determine when to start sequences in order to direct students in the ways aligned with the teachers' expectations to f pedagogical goals. Therefore, the evidence of the changes in the number of questions and in of initiation questions across the unit of consecutive lessons might reflect the teachers' chang or her questioning practices in order to satisfy the different pedagogical goals of different le For example, in the case of the teacher CHN1, the earlier lessons involved the investig the methods to solve right triangles whereas the later lessons asked students to solve mat tasks by applying the methods of solving right triangles. In this regard, the later lessons in were less investigation-based but more practice-based than the earlier lessons. Ss: The median on the hypotenuse of a right triangle equals one-half the hypotenuse. T: Good. The median on the hypotenuse of a right triangle equals one-half the hypotenuse. In this way, we can find it [tan∠DEC] by converting it to tanC.
The Case of Teacher CHN2
As is shown in Figure 7 , the employment of initiation questions varied greatly in the constitut of subcategories and these categories' proportions across the consecutive lessons. For example lesson 5, the Result questions were observed to take up significant proportions (about 30%) of all teacher questions in Q&A question pairs and IRF (single) sequences (shown in the left graph of Fig  7) , but in lessons 4 and 6 this question type was not observed at all in Q&A question pairs and I (single) sequences. Similarly, as is shown in the middle graph of Figure 7 , the Reflection questio occupied more than 20% of all the initiation questions in IRF (multiple) sequences in lessons 4 and while this question type was not observed in IRF (multiple) sequences in lesson 1. The median on the hypotenuse of a right triangle equals one-half the hypotenuse. T: Good. The median on the hypotenuse of a right triangle equals one-half the hypotenuse. In this way, we can find it [tan∠DEC] by converting it to tanC.
Ss: The median on the hypotenuse of a right triangle equals one-half the hypotenuse. T:
Good. The median on the hypotenuse of a right triangle equals one-half the hypotenuse. In this way, we can find it [tan∠DEC] by converting it to tanC.
As is shown in Figure 7 , the employment of initiation questions varied greatly in the constitution of subcategories and these categories' proportions across the consecutive lessons. For example, in lesson 5, the Result questions were observed to take up significant proportions (about 30%) of all the teacher questions in Q&A question pairs and IRF (single) sequences (shown in the left graph of Figure 7 ), but in lessons 4 and 6 this question type was not observed at all in Q&A question pairs and IRF (single) sequences. Similarly, as is shown in the middle graph of Figure 7 , the Reflection questions occupied more than 20% of all the initiation questions in IRF (multiple) sequences in lessons 4 and 5, while this question type was not observed in IRF (multiple) sequences in lesson 1. By contrast, the employment of the follow-up question types was relatively consistent across the consecutive lessons, regardless of where the lesson is located in the teaching sequence. In all lessons taught by the teacher CHN2, the follow-up questions consisted of mainly Redirecting questions, probing questions, and Inviting comments questions. An episode is provided in the following paragraphs to demonstrate the regular use of some particular follow-up questions types.
In this episode, the teacher asked the student to recall the conclusions that had been achieved in the last few lessons and to put these conclusions together in the task sheet (as is shown in Figure 8 ). The student (Li) answered the question from the perspective of graph translation. The teacher interrupted this student's talk and redirected the student to the right track. On the right track, the student described the direction of opening independently and then the vertex with the teacher's assistance. Then the teacher asked a further question to request for the description of the parabolas' vertices by looking at the coordinates. Although the student failed to give answers to the teacher's last question, the teacher had made a lot of efforts in facilitating this student's articulation of mathematical knowledge. In this episode, all the follow-up questions fell into three categories, namely Redirecting questions, Probing questions, and Inviting comments questions. By contrast, the employment of the follow-up question types was relatively consistent across the consecutive lessons, regardless of where the lesson is located in the teaching sequence. In all lessons taught by the teacher CHN2, the follow-up questions consisted of mainly Redirecting questions, probing questions, and Inviting comments questions. An episode is provided in the following paragraphs to demonstrate the regular use of some particular follow-up questions types.
In this episode, the teacher asked the student to recall the conclusions that had been achieved in the last few lessons and to put these conclusions together in the task sheet (as is shown in Figure 8 ). The student (Li) answered the question from the perspective of graph translation. The teacher interrupted this student's talk and redirected the student to the right track. On the right track, the student described the direction of opening independently and then the vertex with the teacher's assistance. Then the teacher asked a further question to request for the description of the parabolas' vertices by looking at the coordinates. Although the student failed to give answers to the teacher's last question, the teacher had made a lot of efforts in facilitating this student's articulation of mathematical knowledge. In this episode, all the follow-up questions fell into three categories, namely Redirecting questions, Probing questions, and Inviting comments questions. T: The question is, for these three special types of parabolas, if we look at the direction of opening, the vertex, and the axis of symmetry, and then think about the effects In summary, the initiation questions asked in the IRF (multiple) seq up a regular proportion of the total number of questions in each lesson o found that the breakdown of the initiation questions in IRF (multip various characteristics across the whole unit. In other words, the teach proportion of all the questions in each lesson as initiation questions to st but the purposes of starting IRF (multiple) sequences were different, whi stable and flexible strategies in using IRF (multiple) sequences.
Discussion
Adjustment of Teacher Questioning in the Sequence of Consecutive Lesson
This study contributes in demonstrating and exemplifying how regulated their questioning strategies in different lessons of a teachin previous studies (e.g., Reference [21] ) that one teacher tended to change in a lesson in order to scaffold different students' needs. This study r changed the ways of asking questions in different lessons. The two parti a substantially different number of questions in different lessons. In addi in the initiation stages of IRF sequences also changed from one lesson sequence.
In the unit of consecutive lessons, the pedagogical goal of one less from another lesson. In order to fulfill the changing pedagogic approximately plan how many questions he or she can ask and deter sequences in order to direct students in the ways aligned with the teach pedagogical goals. Therefore, the evidence of the changes in the numbe of initiation questions across the unit of consecutive lessons might reflec or her questioning practices in order to satisfy the different pedagogical For example, in the case of the teacher CHN1, the earlier lessons i the methods to solve right triangles whereas the later lessons asked stu tasks by applying the methods of solving right triangles. In this regard were less investigation-based but more practice-based than the earl
S:
When h is greater than 0, shift h units to the left, we will have the parabola y = a(x − h) 2 .
T: In summary, the initiation questions asked in the IRF (multiple) sequences were reported to take up a regular proportion of the total number of questions in each lesson of the whole unit. Here it was found that the breakdown of the initiation questions in IRF (multiple) sequences demonstrated various characteristics across the whole unit. In other words, the teachers tended to use a regular proportion of all the questions in each lesson as initiation questions to start IRF (multiple) sequences, but the purposes of starting IRF (multiple) sequences were different, which might reflect the teachers' stable and flexible strategies in using IRF (multiple) sequences.
Discussion
Adjustment of Teacher Questioning in the Sequence of Consecutive Lessons
This study contributes in demonstrating and exemplifying how the teachers adjusted and regulated their questioning strategies in different lessons of a teaching unit. It was shown in the previous studies (e.g., Reference [21] ) that one teacher tended to change the ways of asking questions in a lesson in order to scaffold different students' needs. This study reports that one teacher also changed the ways of asking questions in different lessons. The two participating teachers both asked a substantially different number of questions in different lessons. In addition, the question types used in the initiation stages of IRF sequences also changed from one lesson to another over the lesson sequence.
In the unit of consecutive lessons, the pedagogical goal of one lesson is related to but different from another lesson. In order to fulfill the changing pedagogical goals, the teachers can approximately plan how many questions he or she can ask and determine when to start the IRF sequences in order to direct students in the ways aligned with the teachers' expectations to fulfill the pedagogical goals. Therefore, the evidence of the changes in the number of questions and in the use of initiation questions across the unit of consecutive lessons might reflect the teachers' changes in his or her questioning practices in order to satisfy the different pedagogical goals of different lessons.
For example, in the case of the teacher CHN1, the earlier lessons involved the investigation of the methods to solve right triangles whereas the later lessons asked students to solve mathematics tasks by applying the methods of solving right triangles. In this regard, the later lessons in the unit were less investigation-based but more practice-based than the earlier lessons. To scaffold the S:
[silent] T:
What I asked is, the direction of opening, vertex, and the axis of symmetry, the relationship between them and the values of a, h, and k. In summary, the initiation questions asked in the IRF (multiple) sequences were reported to take up a regular proportion of the total number of questions in each lesson of the whole unit. Here it was found that the breakdown of the initiation questions in IRF (multiple) sequences demonstrated various characteristics across the whole unit. In other words, the teachers tended to use a regular proportion of all the questions in each lesson as initiation questions to start IRF (multiple) sequences, but the purposes of starting IRF (multiple) sequences were different, which might reflect the teachers' stable and flexible strategies in using IRF (multiple) sequences.
Discussion
Adjustment of Teacher Questioning in the Sequence of Consecutive Lessons
For example, in the case of the teacher CHN1, the earlier lessons involved the investigation of the methods to solve right triangles whereas the later lessons asked students to solve mathematics tasks by applying the methods of solving right triangles. In this regard, the later lessons in the unit were less investigation-based but more practice-based than the earlier lessons. To scaffold the
S:
The open directions [of the three parabolas] are all related to the value of a. T:
Yes, good. S:
Then their . . . hum . . .
T:
What about the vertex? In summary, the initiation questions asked in the IRF (multiple) sequences were reported to take up a regular proportion of the total number of questions in each lesson of the whole unit. Here it was found that the breakdown of the initiation questions in IRF (multiple) sequences demonstrated various characteristics across the whole unit. In other words, the teachers tended to use a regular proportion of all the questions in each lesson as initiation questions to start IRF (multiple) sequences, but the purposes of starting IRF (multiple) sequences were different, which might reflect the teachers' stable and flexible strategies in using IRF (multiple) sequences.
Discussion
Adjustment of Teacher Questioning in the Sequence of Consecutive Lessons
S:
The vertex, their vertices are related to the value of h. The vertices are shifted h units to the left or right. In summary, the initiation questions asked in the IRF (multiple) sequences were reported to take up a regular proportion of the total number of questions in each lesson of the whole unit. Here it was found that the breakdown of the initiation questions in IRF (multiple) sequences demonstrated various characteristics across the whole unit. In other words, the teachers tended to use a regular proportion of all the questions in each lesson as initiation questions to start IRF (multiple) sequences, but the purposes of starting IRF (multiple) sequences were different, which might reflect the teachers' stable and flexible strategies in using IRF (multiple) sequences.
Discussion
Adjustment of Teacher Questioning in the Sequence of Consecutive Lessons
S:
Or, upwards or downwards. T:
So, the vertex, it has coordinates. That is an ordered pair. What you have said is about its position. In summary, the initiation questions asked in the IRF (multiple) sequences were repo up a regular proportion of the total number of questions in each lesson of the whole unit. found that the breakdown of the initiation questions in IRF (multiple) sequences dem various characteristics across the whole unit. In other words, the teachers tended to us proportion of all the questions in each lesson as initiation questions to start IRF (multiple) but the purposes of starting IRF (multiple) sequences were different, which might reflect th stable and flexible strategies in using IRF (multiple) sequences.
Now, what if we look at its coordinates?
Discussion
Adjustment of Teacher Questioning in the Sequence of Consecutive Lessons
This study contributes in demonstrating and exemplifying how the teachers ad regulated their questioning strategies in different lessons of a teaching unit. It was sh previous studies (e.g., Reference [21] ) that one teacher tended to change the ways of askin in a lesson in order to scaffold different students' needs. This study reports that one t changed the ways of asking questions in different lessons. The two participating teachers a substantially different number of questions in different lessons. In addition, the question in the initiation stages of IRF sequences also changed from one lesson to another over sequence.
In the unit of consecutive lessons, the pedagogical goal of one lesson is related to b from another lesson. In order to fulfill the changing pedagogical goals, the te approximately plan how many questions he or she can ask and determine when to st sequences in order to direct students in the ways aligned with the teachers' expectations t pedagogical goals. Therefore, the evidence of the changes in the number of questions and of initiation questions across the unit of consecutive lessons might reflect the teachers' cha or her questioning practices in order to satisfy the different pedagogical goals of different For example, in the case of the teacher CHN1, the earlier lessons involved the inve the methods to solve right triangles whereas the later lessons asked students to solve m tasks by applying the methods of solving right triangles. In this regard, the later lessons were less investigation-based but more practice-based than the earlier lessons. To s
S:
Y-coordinate. T:
Okay. Please be seated. Let's have a look at this.
In summary, the initiation questions asked in the IRF (multiple) sequences were reported to take up a regular proportion of the total number of questions in each lesson of the whole unit. Here it was found that the breakdown of the initiation questions in IRF (multiple) sequences demonstrated various characteristics across the whole unit. In other words, the teachers tended to use a regular proportion of all the questions in each lesson as initiation questions to start IRF (multiple) sequences, but the purposes of starting IRF (multiple) sequences were different, which might reflect the teachers' stable and flexible strategies in using IRF (multiple) sequences.
Discussion
Adjustment of Teacher Questioning in the Sequence of Consecutive Lessons
For example, in the case of the teacher CHN1, the earlier lessons involved the investigation of the methods to solve right triangles whereas the later lessons asked students to solve mathematics tasks by applying the methods of solving right triangles. In this regard, the later lessons in the unit were less investigation-based but more practice-based than the earlier lessons. To scaffold the students' investigations of the new methods, the teacher CHN1 asked a larger number of questions in the earlier lessons. However, she reduced the number of questions in the later lessons of the unit so that the students could have more time practicing the methods of solving right triangles.
The changes of questioning practices across consecutive lessons extend our understanding of how teachers employ questioning strategies to cope with different pedagogical goals in different lessons. The findings in this study lead us to the argument that teacher questioning can be seen as the implementation of the teacher's pedagogical strategies to cope with adjustments to the teacher's instructional goals in order to accommodate changing circumstances as the instruction proceeds in a teaching unit.
Consistencies of Teacher Questioning Practices across the Lessons
This study reported the consistencies regarding teacher questioning practices over the lesson sequences. Each participating teacher was inclined to use a consistent proportion of all the questions in each lesson to initiate IRF (multiple) sequences. For each initiation question in the IRF (multiple) sequences, each participating teacher tended to ask about two follow-up questions.
These consistencies might be interpreted as the routinized and habitual aspects of teaching practices in the participating teacher's classes. According to some researchers (e.g., Reference [1] ), the teaching profession required teachers to continually make decisions on a daily basis in classrooms about how to interact with students, and such decision-making processes, regardless of teachers' awareness, become routinized over time. Although the teachers could plan how to initiate a questioning sequence, it is impossible for teachers to accurately prepare for what students could respond to teachers' initiation. Therefore, the teachers might have to make instant decisions to determine when to elicit students' longer responses and how to build up on students' responses. In this regard, the consistencies in the use of follow-up questions in IRF sequences could be interpreted as the teachers' routine and habitus developed in the teaching experiences.
The Complexity of Teaching and Classroom Observation Research
In this study, the act of asking questions in classroom interaction not only includes the teachers' conscious planning so as to accomplish pedagogical goals, but also involves the teachers' unconscious routine in how to build up on students' thinking.
The above results added evidence regarding the complicated process of how teachers' classroom practices could be shaped by various potential factors arising from teaching planning and implementation. By presenting both of these variations and consistencies evident in the questioning practices across the consecutive lessons, this study supports other researcher's arguments about the complexity of teaching [30] [31] [32] .
The complexity documented in one teacher's teaching unit in this study suggests that it is also hard to represent one teacher's instructional practices by observing a limited number of his or her lessons. Therefore, the results in this study support the claim that there is a further complexity with regard to the reliability of classroom observations for generalizing results [33] [34] [35] . Schlesinger and Jentsch argued that it is challenging to determine the number of lessons in order to obtain enough information for one teacher's instructional quality [35] . This study reminds us that it is very easy to draw inaccurate or even misleading conclusions by examining a teacher's practices in one or two lessons. Instead, a unit of consecutive lessons might be a better lens through which the complexity of one teacher's teaching practices could be investigated and understood in better ways.
Conclusions
Teacher questioning is one the most frequently used and significant ways of orchestrating students' thinking and reasoning [7] . A better documentation and fine-grained analysis of teacher questioning practices could help to understand how classroom interaction could be initiated and sustained, which thereby contributes to the construction of the desirable environment for constructive and rich classroom talk and to the cultivation of positive learning attitudes [36] .
This study contributes to the research community by utilizing the IRF framework to examine two Chinese teachers' questioning practices in a unit of consecutive lessons. Both participating teachers' questioning practices showed variations and consistencies over the lesson sequence. It implies the potential influences that the changing instructional objectives and teaching routines might exert on teacher questioning practices.
The explicit observation of the complicated nature of teacher questioning practices was enabled by adopting the IRF framework and the lens of consecutive lessons. It can be argued that the IRF framework and the context of consecutive lessons made the functions of teacher questioning more visible and explicit. Therefore, the challenges of determining the number of selected lessons when conducting classroom observation research might be partially resolved by choosing the lesson sequence as the analytical unit.
There are some limitations in this study. First, this study examined teacher questioning practices in one single culture, and therefore this study could not provide information about the potential influences that cultural differences might exert on teacher questioning practices. Second, the unit topics in the selected classrooms in two Chinese classrooms were rather limited to algebra and functions. We did not videotape classroom teaching of other topics such as statistics and probability. Therefore, this study could not conclude whether the unit topic could have significant impacts on the teachers' employment of questioning practices.
